The phonon energy of YVO4 crystal is lower than other usual compounds of salt. So it is suitable as host material for down-conversion materials. Hydrothermal method was adopted to synthesize YVO4 phosphor powder with the use of yttrium oxide and sodium vanadate as raw material. The change in the relative integral intensity of the (200) and (112) diraction peaks indicates that macroscopic stress in the lattice obviously changes with the elevated hydrothermal reaction temperature. The YVO4 phosphor powder synthesized involves a certain agglomeration of small particles. The phonon vibration in the YVO4 originates mainly from the internal vibrations in the vanadiumoxygen tetrahedron, in addition to the YO and OH vibrations. Due to a low phonon energy of only 2.8188 × 10 −21 J, YVO4 helps to improve the down-conversion eciency of rare-earth ions. A bandgap value of approximately 3.8 eV for the synthesized YVO4 powders leads to good absorption properties in the ultraviolet region. Upon excitation by the 320 nm ultraviolet photon, the intrinsic emission of YVO4 powders is annihilated, and a broadband emission of VO
Introduction
In the recent years, much research attention has been paid to yttrium vanadate (YVO 4 ) because of its high chemical and thermal stability as well as low phonon energy. It has been widely used as a matrix material in the eld of lighting, optical devices, and diode pumped solid state lasers. For example, YVO 4 :Eu 3+ is a steadfast luminescent material used in color television, the high--pressure mercury lamp and as a scintillator in medical image detectors for more than 20 years [1] . Nd: YVO 4 crystal rather than Nd:YAG has been commercialized as laser device for its excellent monochromaticity and stability [2] . Forbes et al. [3] reported the synthesis, solubility and growth of large YVO 4 and Nd:YVO 4 transparent single crystals in aqueous NaOH under hydrothermal conditions. Moreover, YVO 4 also has certain academic and applied research value as matrix material for down--conversion in crystalline silicon cells. As crystalline silicon cells remain the most dominant solar cell products in the market [4] , to achieve large-scale civilian use of crystalline silicon cells, the utilization of solar spectrum, photoelectric conversion eciency, stability and service life need to be improved. Although photons with energy larger than the silicon band gap can be absorbed, absorption of the ultraviolet photons will increase the internal temperature of the silicon cells. Heat emission inside the * corresponding author; e-mail: xygao@zzu.edu.cn cells leads to a decline in cell eciency, which also affects the stability and service life of battery components.
Moreover, the encapsulation glass of battery components can absorb a part of ultraviolet photons, which will reduce the use of ultraviolet photons for solar cells. These phenomena directly limit the further application of crystalline silicon cells [5] .
However, a down-conversion mechanism, which is realized by converting a high-energy photon into two or more low-energy photons by using the abundant energy level structure of the rare-earth ions [6] , can be used to solve these problems. The down-conversion process is generally realized by doping suitable rare-earth ions into a matrix material with a wide band gap. Ecient energy transfer and conversion between the matrix material and rare-earth ions can be achieved.
For rare-earth ions doped materials, ultraviolet photons with poor response in the solar spectrum can be converted to visible and near-infrared photons that can be easily absorbed by crystalline silicon cells. Through this approach, the loss of ultraviolet photons through encapsulation glass can be reduced and the energy utilization of photons in the ultraviolet region can be enhanced.
Thus, the decline in stability of solar cells caused by the direct absorption of ultraviolet photons can be prevented.
A number of studies on single-doped and co-doped rare-earth ions into YVO 4 matrix material have been carried out recently. For example, Ln 3+ (Ln = Eu, Dy, Sm, and Er) ion-doped YVO 4 nano/microcrystals with multiform morphologies synthesized by hydrothermal method has been reported by Xu et al. [7] in 2010.
The spectral conversion for solar cell eciency enhance- [10] , phosphate [11] and silicate [12] .
Although several methods can be used to synthesize Absorption and luminescence properties were measured through a spectrophotometer (ShimadzuUV-3150) and a spectrouorometer (FluoroMax-4), respectively. All measurements were carried out at room temperature.
3. Results and discussion 3.1. Crystallization, vibration modes, and surface morphology This phenomenon indicates that macroscopic stress in the lattice changes with the elevated HRT. Fig. 1 . XRD patterns of the YVO4 phosphor powders synthesized using the hydrothermal method at HRTs of (a) 120
Grain renement and lattice microscopic distortion lead to XRD-peak broadening. Thus, the full width at half maximum (FWHM) of the XRD diraction peak of the samples must be corrected when using XRD to characterize the grain size and lattice strain with FWHM can be expressed in accordance with the WilliamsonHall relationship [13, 14] :
where β is the FWHM of the diraction peak caused by the grain renement and lattice microscopic distortion.
λ is the wavelength of the X-ray, θ is the Bragg angle, D is the average grain size, d is the spacing between crystal planes, and ∆d/d is the lattice microscopic distortion. Table II . The Raman spectra (Fig. 3) and Table II ples mainly causes these peaks, which will disappear after heat treatment [19] .
The hydroxyl ions are also assumed to enter the crystals from air during the growth process. The fact that the absorption band in the range of 3300 cm −1 to 3500 cm −1 belongs to OH − has been proved using the method of isotopic substitution by Kovács et al. [20] . The weak absorption peak at 450 cm −1 could be attributed to YO absorption. The FTIR spectra of YVO 4 phosphor powder synthesized at other HRTs are basically similar to This causes a splitting of some of the degenerate energy levels [23] .
The photoluminescence observed in our experiment is attributed to the following steps. First, the VO 
